The crystal structure of 9-isobutylthioxanthene 10,10-dioxide, Cj7HI802S, has been determined by the heavy-atom method. The refinement was carried out by the least-squares method with anisotropic temperature factors based on three-dimensional data to give a final R value of 0-050 for 2283 reflections.
Introduction
9-1sobutylthioxanthene 10,10-dioxide is one of a series of thioxanthene derivatives under study in this laboratory by the X-ray diffraction method. This compound is the first thioxanthene sulfone derivative studied by X-ray diffraction and is closely related to 9-isobutylthioxanthene (Chu, 1973) . A comparison of the C-S bond distance, C-S-C bond angle, and the dihedral angle between the best planes of the benzene rings with other thioxanthene derivatives is of interest for understanding the bonding characteristics of the sulfur atom.
Experimental
Single crystals of 9-isobutylthioxanthene 10,10-dioxide were obtained by courtesy of Dr A. L. Ternay of the Chemistry Department of the University of Texas at Arlington. The crystals are transparent prisms, elongated along the a axis. The accurate cell parameters were measured with Cu Ks radiation on a Picker FACS-1 automatic diffractometer. The density of the crystals was determined by the flotation equilibrium method in a mixture of carbon tetrachloride and toluene. The crystal data is summarized in Table 1 .
The integrated intensity data were collected on a Picker FACS-I automatic diffractometer in the Department of Crystallography of the University of Pittsburgh. The crystal was cut to approximately 0.22 × 0.43 × 0.25 mm and was mounted along the b axis. A 0/20 scanning mode with Cu K~ radiation was used to measure 2483 independent reflections with 20 values below 130 °, of which 2283 were considered as observed. The total time for the background counts re- corded at the limits of each scan was 20 sec. A reflection was considered observed if its intensity was greater than 3a(1), where a(1) was determined from counting statistics. Three standard reflections were repeated in intervals of every 100 reflections, and their intensities showed fluctuations of less than 6 % over the data collection period. Scale factors, based on the variation of the standard reflections, were applied to the intensity data to compensate for this fluctuation. The intensity data were reduced to structure factors by the application of Lorentz and polarization factors, and no absorption corrections were applied.
Determination and refinement of the structure
The structure was solved by the heavy-atom method. The position of the sulfur atom was obtained from the Harker peaks (u, v, w), (0, v, ½) , and (u, ½, w) of the E 2 -1 Patterson synthesis. All carbon and oxygen atoms were located in two successive Fourier syntheses. The structure-factor calculations for all atoms except hydrogen has yielded an R value of 0.29 for three-dimensional data. Two cycles of full-matrix least-squares refinement with isotropic temperature factors reduced the R value to 0.13. Two cycles of full-matrix leastsquares refinement with anisotropic temperature fac- tors reduced R to 0.082. All hydrogen atoms were clearly revealed in the difference Fourier synthesis with reasonable bond lengths and bond angles with respect to the atoms to which they are bonded. Two more cycles of least-squares refinement with anisotropic temperature factors, including all hydrogen atoms, gave the final R value of 0.050. The positional parameters of the hydrogen atoms were refined, but their thermal parameters were assigned the same as those of the atoms to which they are bonded. Cruickshank's (1961) weighting scheme was used in order to make Table 2 , and the corresponding structure factors are given in Table 3 . The computer programs used in this analysis were the ORFLS program (Busing, Martin & Levy, 1962) modified by Shiono (1970) , a modified Zalkin Fourier synthesis program (Shiono, 1967) , a data reduction program (Shiono, 1971) , and a number of structure interpretation programs (Shiono, 1971; Chu, 1971) . All calculations were carried out on a UNIVAC 1108 computer.
Description of the structure
The configuration of a 9-isobutylthioxanthene 10,10-dioxide molecule and the identification of the atoms are shown in the ORTEP (Johnson, 1965) drawing shown in Fig. 1 . Since the crystal belongs to a centrosymmetric space group, both enantiomorphs are present in the crystal. The bond lengths and bond angles with their standard deviations are shown in Fig. 2 . The mean value of carbon-carbon bond lengths within the benzene rings is 1.386_+0.004 A. The carbon-carbon bond lengths in the central ring involving C(9) are 1.512 + 0.003 and 1.517 _+ 0.003 A,. The mean value of exocyclic carbon-carbon bond lengths is 1.527 _+ 0.004 A. All of these bond lengths are in good agreement with the results obtained in methixene (Chu, 1972 ) and 9-isobutylthioxanthene (Chu, 1973) . The average carbonhydrogen bond length is 1.03_+ 0.04 A,, in agreement with the values obtained in other X-ray crystal structure analyses.
The mean value of the two carbon-sulfur bond lengths is 1.757 _+ 0.002 A with a coordination number of four for the sulfur atom. This is significantly shorter The mean value of the two sulfur-oxygen bond than the C(spZ)-S bond lengths with a sulfur coordinalengths is 1.440 + 0.002/~. This value is in good agreetion number of two or three. A comparison of C-S ment with S-O bond lengths found in the other sulbond lengths in tricyclic compounds with accurate forte structures (Klug, 1968; Preuss, Hoppe, Hechtstructure data is shown in Table 4. fischer & Zechmeister, 19711. However, it is signifi- • "
,",". OF 9-ISOBUTYLTHIOXANTHENE 10,10-DIOXIDE cantly shorter than the S-O bond length in sulfoxides.
A comparison of the S-O bond lengths is also shown in Table 4 . The valence angles in the benzenoid rings are normal. The C-S-C bond angle is 102.0 + 0.1 °, which is significantly larger than that in thioxanthene and thioxanthene sulfoxide. The C-S-C bond angles in these compounds are shown in Table 4 . The mean value of the C-S-O bond angle is 109.1 +0.1 °, as compared with the average value of 107.5 ° in thioxanthene sulfox°des (Jackobs & Sundaralingam, 1969; Ternay, Chasar & Sax, 1967) and fl-thianthrene dioxide (Hosoya, 1966) . Consequently, the sulfur bonds in the sulfone forms a more flattened pyramid compared with the similar pyramid in sulfoxides.
According to the data in Table 4 , the C(spZ)-S bond length is the longest (1.784 A) and the C-S-C bond angle is the smallest (95.6 ° ) when the coordination number of the sulfur atom is three. When the coordination number of the sulfur atom is changed to two, the bond length is reduced to 1.769 A and the bond angle is enlarged to 100.6 ° . The bond length and the bond angle for the tetravalent sulfur atoms are 1.757 A and 102.0 °. Furthermore, the more pronounced pyrimidal configuration in sulfoxides suggests that the p3 bonding dominates in trivalent sulfur compounds, and the unshared pair of 3s electrons are not readily available for bonding overlap with 2p orbitals of the adjacent carbon atoms (Price & Oae, 1962) . In the case of sulfides, the shortening of the C-S bond can be attributed to the rc bond character arising from the 2p orbitals of the carbon atom and the 3p and 3d orbitals of the sulfur atom. The near tetrahedral configuration of the four S-C and S-O bonds in sulfones indicates that sp 3 hybridization characterizes the bonding in tetravalent sulfur compounds. The short S-C and S-O bond lengths in sulfones can adequately be explained by the contribution of ionic bond character due to electrical effects resulting from a strong positive charge on the sulfur and by the capability of the 3d orbitals of positively charged sulfur of accepting some share of one or more electrons from adjacent 2p orbitals (Price & Oae, 1962) .
The least-squares planes in 9-isobutylthioxanthene 10,10-dioxide are shown in Table 5 . The central ring is in a boat conformation. The C(9) and S are not significantly displaced from the planes of the benzene rings, and the slight displacements are in the same side of the benzene planes. These are contrary to the results found in thioxanthenes (Chu, 1972 (Chu, , 1973 and thioxanthene sulfoxide (Jackobs & Sundaralingam, 1969) . The dihedral angle between the least-squares planes of the two benzene rings is 141.8 ~ as compared with 138.9 ° in 9-isobutylthioxanthene (Chu, 1973) . The larger dihedral angle in 9-isobutylthioxanthene 10,10-dioxide is presumably due either to the different bonding characteristic of the sulfur atom or to the interaction between the 9-isobutyl group and the oxygen
.03(4) \\1.01 (3) 120 (2) |.374(4)" 1.386 (4) z23 ( 10b (4) I.~(~) ~(cl8)z STRUCTURE OF 9-ISOBUTYLTHIOXANTHENE 10,10-DIOXIDE atom, both being in 'boat-axial' conformation. The 'boat-axial' conformation of the isobutyl group is also predicted by nuclear magnetic resonance studies in solution (Ternay & Evans, 1973) . The torsion angles of the isobutyl group are shown in Fig. 3 ; this group is in a staggered arrangement which was also found in 9-isobutylthioxanthene. The torsion angles were calculated from the coordinates for the enantiomorph given in Table 2 . The packing of the molecules in the crystal, projected down the e axis, is shown in Fig. 4 . There are no intermolecular contacts less than van der Waals distances. The closest intermolecular distances between C(5) and 0(2) are 3.285 and 3-343 A, that between C(2) and O(1) is 3.416 A, and that between C(4) and C (7) 
Analysis of thermal motion
The rigid-body thermal analysis of the 20 non-hydrogen atoms was carried out by the method of Schomaker & Trueblood (1968) . The values of T, L, and S tensors together with their standard deviations are shown in Table 6 . The r.m.s, amplitude of the principal axes of T, L, and S and their direction cosines with respect to orthogonal axes a, b, and c* are also given in T( × 103)--43 (2) 1 (2)} 39 (2)/ 9"8 (9) -1"7 (9) -2-5 (7)\ L= 16"4 (13) 2"1 (9)] 7"1 (8)/ 
